In order to measure the efficiency, number of methods have been developed and applied. Out of these the principal methods used are: Data Envelopment Analysis (DEA) and Stochastic Frontier. DEA is a non parametric mathematical programming approach for the measurement of efficiencies and inefficiencies. This paper seeks to use DEA to evaluate the efficiencies of health insurance business of general insurance companies in India. The present study is focused upon 10 general insurance companies of India including 4 public sector companies and cover a period of 8 years from 2002-03 to 2009-10. The study uses the equity capital and labour (including commission, agents' fees, referral and other expenditure) as input and net premium as output. It was observed that overall general insurers carrying health insurance business at an average technical efficiency of 73%, pure technical efficiency of 92% and scale efficiency of 78%. On the other hand sector wise performance analysis has indicated that technical efficiency of all the private sector companies is 77%, which is 10% more than that of public sector Companies. This can be attributable to the fact that private sector companies are operating on increasing return to scale and taking the advantages of pure technical efficiency and scale efficiency.
INTRODUCTION
In order to measure the efficiency, number of methods have been developed and applied. Out of these the principal methods used are: Data Envelopment Analysis and Stochastic Frontier. Data Envelopment Analysis (DEA) is a non parametric mathematical programming approach to frontier estimation, which uses data to determine a sphere which represent the best practice for measuring efficiencies and inefficiencies. Measurement of efficiencies using DEA involves the two concepts: traditional concept and modern concept. The traditional concept cannot work with multi-input, whereas the modern efficiency concept can work effectively and efficiently with multi-input. Modern efficiency measurement concept to DEA is contributed with Farrell (1957) , who paid attention towards the work done by Debreu (1951) and defined the measurement of efficiency that can work with multi-input. Thereafter the enhancement to modern concept of efficiency was made in term of simple measure of firm efficiency that can work with multiinput as well as multi-output. The credit for the enhancement to the modern concept of efficiency goes to A. Charnes, W.W. Cooper and E. Rhodes, who introduced for the first time in 1978 the first model of DEA known as model, which can work simultaneously with multi-inputs and multi-output. Since its conception it was utilized in many areas to identify and analyze the efficiencies due to its peculiar feature of ability to work with both multiinputs and multi-output.
The Data Envelopment Analysis has number of favorable economic implications because it is fit to evaluate the productive efficiency of different lines of business and the identification of production function. Besides this, its scope is far broader than imagination because of its wide range of applicability in various fields such as hospitals, banks, insurance companies, air force wings, universities, cities, courts, business firms, and others, including the performance of countries, regions, states etc.
In the insurance area, both the national and international markets are becoming competitive as consequences of liberalization and privatization policies adopted by various countries. Insurance markets worldwide continue to undertake procompetitive reform predicated on the expectations that competitive markets are in a better position to enhance consumers' choice and welfare than are rigidly regulated insurance markets. As a consequence, dozens of countries have deregulated or liberalized their insurance markets. One of such liberalized insurance market is the Indian insurance market, where twenty six percents Foreign Direct Investments (FDIs) is allowed in insurance sector. Forwarding attention deep towards Indian Insurance market will reflect that since its inception it has faced number of milestone in the phases of development. But inspite of those milestones the Indian insurance industry found the new track of success and growth in the year 1999, when reforms in the insurance sector was initiated with lying and passing of IRDA Bill in Parliament. The Insurance Regulatory and Development Authority (IRDA), since its incorporation in April, 2000 have fastidiously stuck to its schedule of framing regulations and opening up the insurance sector to private players as well as permitting FDIs in insurance sector. The FDI was allowed on the same line of as other countries are considering that privatization and liberalization will ensure the efficient and effective services to the insured ones. To what extent Indian liberalized and privatized market has achieved its objectives of increasing and enhancing efficiency of insurers as well as enhancement of consumers' choice and welfare is a matter of great controversy and discussion.
Various studies related directly or indirectly to the objectives of the present study have been reviewed. Houston and Simon (1970) have examined the relation between average costs and premium receipts of life insurance companies of U.S and concluded that average costs are constant beyond $100 million of premiums. Charnes, Cooper and Rhodes (1978) provided with a nonlinear programming model which have given a new definition of efficiency. This model can objectively determine the weights with reference to observational data for multi-input and multi-output. Praetz (1980) has explored the average cost relationship between life insurers and each of ten insurer characteristics. The data used are drawn from 90 insurers with more than half the life insurance in force with U.S. insurers. The study reveals that the following independent variables are significant in producing economies of scale, premium income, new business ratio, proportion of whole life business, and size of insurer (i.e., giant mutual insurers). Doherty (1981) analyzed the conceptual and econometric problems arising from the use of premium income as a proxy for output and suggested that it leads to serious problems of simultaneous equation bias and errors in variables. Therefore a delivery-based output measure is theoretically superior and will encounter less severe econometric problems. Sherman (1981) investigated the application of DEA to an artificial data set reflecting the operations of a hospital department and provided that the widely used singleoutput measures applied to this data set is found to be less reliable in this multiple output environment. Weiss (1986) concluded that applicability of the output and productivity measurement methodologies developed is not limited to the specific insurers studied, but rather can be used as a guide in measuring the productivity of any life insurer or insurance industry. Grace and Timme (1992) analyzed the U.S. life insurance industry and provided the estimation of both the overall and product specific scale economies, as well as, pairwise cost complementarities for a wide variety of products. In contrast, previous studies only provide a single point estimate of industry cost characteristics using the sample mean output vector. This study, therefore, provides a more complete representation of the industry's cost characteristic. Cummins, Turchetti and Weiss (1996) examined efficiency and productivity under the new European regulatory regime and indicated that technical efficiency in the Italian insurance industry ranged from 70 to 78 percent during the sample period. However, productivity declined significantly over the sample period, with a cumulative decline of about 25 percent. Cummins and Zi (1998) provided that alternative methodologies give significantly different estimates of efficiency for the insurers. Moreover the efficiency rankings are quite well-preserved among the econometric methodologies; but the rank correlations are lower between the econometric and mathematical programming categories and between alternative mathematical programming methodologies. Korhonen (1997) recommended the use of Pareto Race (Korhonen and Wallenius [1988] ) for purpose to make a free search on the efficient frontier due to the reasons that it may simply control the search with some function keys; the information is displayed as bar graphs and in numeric form; the search can be terminated at any time. Fukuyama (1997) investigated the productive efficiency and productive changes of Japanese life insurance companies and reveals mutual and stock companies possess identical technologies, but the productive efficiency and productive performance changes from time to time in the case of stock and mutual under different economic conditions. Brockett, cooper, Golden, Rousseau and Wang (1998) examined the efficiency effects of different forms of ownership (stock versus mutual) and types of marketing system (agency versus direct) for the US property-liability insurance industry and provided that the use of (nonparametric) rank-order statistics then produce results which differ from these other studies. Cummins and Misas (2001) analyzed the causes and effects of consolidation in Spanish insurance industry and showed that many small, inefficient, and financially under-performing firms were eliminated from the market due to insolvency or liquidation and those acquirers in the mergers and acquisitions market prefer relatively efficient target firms. Boonyasai, Grace and Skipper (2002) examined the impact of liberalization and deregulation of four life insurance markets and found that liberalization and deregulation of the Korean and Philippine life insurance industries seem to have stimulated increases and improvements in productivity whereas liberalization of the Taiwanese and Thai life insurance industries seems to have had little effect on increases and improvements in productivity. Cummins, Weiss and Zi (2003) provided the evidence for the existence of weak economies of scope in the U.S. insurance industry and also that strategic focus appears to be a better strategy. Martin (2003) evaluated the performance of Zaragoza University's Departments (Spain) through the comparison of a group of decisions units. The result of the study reveals those departments who carry out their activities efficiently. Chang (2006) concluded that both return on assets and sign of profitability influence a heavier financial ratio as well as operating index on performance. Bikker and Leuvensteijn (2008) have examined the competitive nature of Dutch life insurance industry and provided that limited competition in Dutch life insurance industry as compared to Netherlands. Eling and Luhnen (2008) analyzed and provided new empirical evidence on frontier efficiency measurement in the insurance industry and found that a steady technical and cost efficiency growth in international insurance markets from 2002 to 2006, with large differences across countries. Yuan and Phillips (2008) examined the efficiency effect from the possible economies of scope across two formally separate sectors by estimating multi-product costs, revenue, and profit function and suggested that a significant number of cost scope diseconomies, revenue scope economies, and weak profit scope economies exist in the post-GLB U.S. integrated banking and insurance sectors. Eling and Luhnen (2010) provided an overview on frontier efficiency measurement in the insurance industry and shown that there is a broad consensus with regard to the choice of methodology and input factors, the difference lies in case of in output measurement. Owusu, Dontwi, Seidu, Abudulai, and Sebil (2010) evaluated the performance or efficiency Ghanaian general insurance companies from the year 2002 to 2007 and provided with the result that Ghanaian general insurers operated at an average overall efficiency of 68%, technical efficiency of 87% and scale efficiency of 78%.
Having the in-depth review of related studies has provided that there is a huge importance of DEA in evaluating the performance and efficiency of the insurance industry. Keeping in to mind such an importance of DEA model in evaluation of an entity, we have used the same in the present study in order to achieve the following objectives:
To evaluate the efficiencies of health insurance business of general insurance companies. To determine the improvement space and improvement direction in order to render the inefficient company to be efficient. In order to accomplish the objectives of study, we used the Data Envelopment Analysis (DEA), a mathematical programming approach which estimates the frontier by solving a series of linear programming problems. The efficiency of the each firm is measured with respect to distance from the frontier. Efficiency score ranges from 0 to 1 and firm having efficiency score equal to 1 referred as fully efficient firm or the firm operating on the frontier and the firm having efficiency score less than 1 referred as inefficient firm or the firm operating away from the frontier. DMUs efficiency is obtained by solving a set of linear programming problems which can be categorized in to following according to treatment of slack:
Data
One-stage DEA which uses the following equation and calculate slack residually:
Where is a scalar and is a Nx1 vector of constants. This envelopment form involves fewer constraints than the multiplier form (K+M < N+1), and hence is generally preferred to solve. The value obtained will be the efficiency score for the i-th DMU. It will satisfy , with a value of 1 indicating a point on the frontier and hence a technical efficient DMU, according to Farrell (1957) definition. Moreover the linear programming problem must be solved N times, once for each DMU in the sample. Two-stage DEA which uses the following equation:
Where OS is an Mx1 vector of output slack, IS is a Kx1 vector of input slacks and M1 and K1 are Mx1 and Kx1 vector of ones, respectively. In this case, is not variable rather its value is taken from the first stage results. Moreover it is required to be solved for the each of the N DMU's involved. However there are two problems associated with this: firstly, sum of slack maximized rather than minimized. Secondly, it is not invariant to units of measurement. The alternative to get rid of these problems is the use of multi-stage DEA.
Multi-stage DEA, where we conduct a sequence of radial LP's to indentify the efficient projected point. This method is computationally more demanding than the other two methods above specified due to the fact that it identifies efficient projected points which have input and output mixes which are as similar as possible to those of the inefficient points, and that it is also invariant to units of measurement. Hence we have used multi-stage method over the other two alternatives.
(Source: Coehli, T.J. 1996)
The above stated equations are used in DEA to evaluate the efficiencies of the DMUs. In our paper efficiency is defined as technical efficiency. Further only the measurement of technical efficiency is not enough, so we worked ahead and measured the technical efficiency both with Constant Return to Scale (CRS) as well as with Variable Return to Scale (VRS). The technical efficiency which is measured with VRS is also known as Pure Technical Efficiency. Besides this, scale efficiency has also been calculated for all the firms during the period under consideration.
Technical Efficiency: Technical efficiency can be regarded as the product of pure technical efficiency and scale efficiency. It reflect the ability of the firm to obtain the maximum output from a given set of input or the efficiency with which inputs are transformed into output or just the output/input ratio.
Pure Technical Efficiency:
In pure technical efficiency, production line with variable return to scale is used. From the view point of economics, this will release the restrictions of scale. Therefore, the inefficiency only lies in the factors such as productivity, resource allocation and management.
Scale Efficiency: In contrary to the case of pure technical efficiency, only the factor of scale is effective here, while the factors of productivity, resource allocation and management are excluded. 
Measurement of Inputs and Outputs:
The result of the DEA depends heavily upon the variable of the input and output specified. Therefore for the success of the study an accurate selection of the variable of input and output is necessary. By the study of literature it came into notice that researchers have general agreement on the selection of input's indicators. Generally labor, capital and materials are selected as shown in Grace and Timme (1992) , Gardner and Grace (1993) , Cummins and Zi (1998) .
The variables of inputs which are considered under the present study are as: Equity Capital (X1): According to the theory of corporate finance, financial capital can be authorized capital or invested capital. The invested capital includes long term debt and equity capital. However, reserve constitutes almost all the long term debt of insurers. Debt which constitutes the part of the invested capital does not remain same. Therefore, we cannot say that insurers use this long term debt to support their business. So in this study, we have taken equity share capital as the first indicator of input.
Amount of Labor (X2):
As the insurance companies do not constitute the part of the manufacturing industries rather form a part of the financial service industry, so it does not uses raw material as primary input. In financial service industry the cost of labor is the most important input. The main difficulty regarding this input was to get salary data of insurers, which is not feasible. So alternatively we have taken amount of commission, agents' fees, referral and other expenditure as the second indicator of input.
The variables of outputs which are considered under the present study are as: As far as the variable of output is concerned wide diversity found in literature, because of the fact that defining and measuring outputs in the insurance industry is a challenging task. In various studies three commonly used outputs are: premium income, weighted sum of activities, and incurred benefits plus additions -toreserves. In most of the previous studies net written premiums or net earned premiums have been used as proxies for outputs. Doherty (1981) ; Yuengert（1993); Cummins and Zi（1998）thinks premium cannot reflect the quantity of output. However, Houston and Simon（1970）thinks premium to insurers is what income to manufacturers, and therefore can be regarded as the indicator of output. Similar arguments appeared in: Praetz（1980); Fields and Murphy（1989); Grace and Timme (1992) ; Gardner and Grace (1993); Rai (1996); Diacon (2001); and Li (2005) . They consider premium as an appropriate indicator of output, assuming the product is homogeneous and competitive pressures compel all insurers to charge the same price. 
A. Company wise analysis:
This has been done to arrive at conclusive findings of TE, PTE and SE of health insurance business of general insurance companies in India during the period under consideration. In other words the effort has been made to find out individually which of the company lie on the frontier and which are away from the frontier. 2008 -09 thereafter its efficiency score shows decreasing trend which might be attributable to the fact that they have achieved the level of maturity and due to competition their position is gradually acquired by private sector insurance company. On the other hand the study found the three inefficient companies; two are from the private sector and one is from the public sector which does not lie on the frontier in any year. Tata AIG and Royal Sundram out of private sector and United India out of public sector is inefficient companies as their efficiency score were not equal to 1 in any year. But if compare these three inefficient companies will provide insight that although the private sector company Tata AIG, Royal Sundram does not lie on the frontier, yet its efficiency scores improved over a period of time, which is not in the case of United India Insurance Company which shows reverse trend during the period under consideration.
This shows that public sector companies are gradually underperforming and their position is slowly and steadily taken over by the private sector companies with regard to health insurance. This can be regarded as good sign because it reflects the increasing competition in the market, which will enhance product choice for consumers with efficient quality of services. 
III. Analysis of Improvement Direction and Improvement Space for Health Insurers
On the basis of technical efficiency scores of various companies for the period under consideration, the improvement direction and improvement space are derived. It signifies the percentage of technical efficiency scores which require for them to be on the frontier i.e. the additional scores needed to be on the frontier. The table 5 shows that there are diverse trends of improvement direction and improvement space over a period of time. For all the private sector health insurers, the improvement space is decreasing, which is good sign for the private sector as it signifies that their distance from the frontier is becoming narrow and they are directing toward frontier. As stated numerically, initially the improvement space was 95. 9%, 80.2%, 97.1%, 96.7%, 96.8% and 95.9% in the year 2002-03 for Tata AIG, Iffco, Reliance, Royal, Bajaj and ICICI which decreased to 27.21%, 0%, 0%, 59.7%, 29.8% and 18.6% in the year 2009-10. This shows that companies in the private sector are expanding their activities as well as outreach in order to survive and grow in the competitive market and consequently these are finding place on the frontier or coming near to frontier.
As far as the public sector companies are concerned all are showing reverse improvement space and direction except Oriental Insurance Company Limited. The reason behind this lies in the fact that these are going out of the frontier as shown in the table that initially the improvement space was 6.1%, 0% and 1.9%, which increases over a time and become 43.7%, 41.3% and 21.5%. This shows that although the public sector companies was on or near the frontier, yet gradually this sector is underperforming and their position is slowly and steadily taken over by the privates sector companies.
CONCLUSION:
In this study DEA framework has been applied for the evaluation of efficiencies of health insurance business of general insurance companies in India. It was observed that overall general insurers carrying health insurance business at an average technical efficiency of 73%, pure technical efficiency of 92% and scale efficiency of 78%. On the other hand sector wise performance analysis has indicated that technical efficiency of the private companies is 77% which is 10% more than that of public sector Companies. This can attributable to the fact that private sector companies are operating on increasing return to scale and taking the advantages of pure technical efficiency and scale efficiency. While public sector companies are becoming mature, started operating on decreasing return to scale and due to competition gradually the position of public sector companies is taken over by private sector companies as it is shown in the study that improvement space and direction of private sector is showing positive sign as these are moving toward frontier, which is reverse in the case of public sector companies.
